Abstract
Introduction
Since Dr. Parodi first developed minimally invasive endovascular technology in 1991 [1, 2] to treat abdominal aortic aneurysms (AAAs), endovascular aortic repair (EVAR) has been the primary choice for AAA. Currently, nearly half of AAA patients undergo EVAR after IIA exclusion [3] . When the distant landing zone in the common iliac artery (CIA) is too short to anchor, the endograft limb should be extended into the external iliac artery (EIA), thus covering the original internal iliac artery (IIA). Although some researchers and doctors advocate preserving the IIA because it is a crucial collateral artery of the lower extremities and pelvis [4] [5] [6] [7] , excluding the IIA during EVAR has been proven safe, and it is an effective way to avoid endoleaks [3] .
However, the methods for excluding the IIA have recently become controversial. Some studies suggest that IIA embolization with coils is much more effective than direct coverage with a stent in avoiding type II endoleaks [3, 8, 9] . However, other results show that excluding the IIA without embolization has a similar long-term outcome to the procedure with embolization [10] [11] [12] .
Therefore, a retrospective cohort study was designed at our institution to compare the longterm outcome of two exclusion methods (absence or presence of a coil) and to evaluate the effectiveness of IIA exclusion. Here, we would like to report the results of our study.
Patients and methods
The patients that were included in this study were recruited from the Vascular Department of West China Hospital, Sichuan University, between January 2006 and December 2013.
Inclusion criteria. In total, 702 patients with a diagnosis of AAA were included in this study. Cases of AAA were diagnosed via ultrasound or computed tomography (CT), and isolated cases were diagnosed by magnetic resonance angiography (MRA). All the repaired AAAs were more than 5.5 cm in diameter or showed rapid growth (>0.5 cm over 6 months).
Exclusion criteria. The exclusion criteria consisted of four parts: A, open surgery; B, unilateral or bilateral IIA(s) was (were) not excluded; C, instructions for use (IFU) were not followed. Three factors regarding the neck of the AAA were selected among the IFU as exclusion criteria, including the 1) length of aneurysm neck 15 mm; 2) angulation of infrarenal neck >60°; and 3) neck atheroma with a thickness and length >5 mm (measured via preoperative CT) [13, 14] . Patients who had one of the characteristics above were excluded from this study. D, Surgery time: emergency EVAR, such as EVAR for ruptured AAA (rAAA). Here, rAAA indicates an emergent unstable hemodynamic condition during surgery, which would negatively influence a surgeon's decision whether to preserve the IIA. [15] Moreover, emergent EVAR is a life-saving surgery; therefore, surgeons would try to shorten the operation time to cover the aneurysm leak as soon as possible.
Based on the inclusion and exclusion criteria, 137 subjects were enrolled into the final comparison analysis. All the enrolled subjects were divided into two groups according to the presence or absence of intraoperative embolization IIA before coverage. Subjects without embolization were included in group A, and those with embolization were placed in group B.
Internal iliac artery (IIA) management and L (shown in Fig 1, Postoperative management after IIA exclusion. After EVAR, antiplatelet, anticoagulation and vasodilator therapies are essential for the patients (Aspirin, 100 mg/day; low molecular weight heparin, 600 mg/day; and PGE2, 40 μg/day); simultaneously, the skin temperature of the buttocks and limbs should be carefully checked, especially after IIA exclusion. If the skin temperature is lower than normal or tenderness and skin necrosis appear, reconstruction of the IIA should be considered in a timely manner.
Follow-up: After EVAR, discharged subjects were followed at the 1 Analysis Method. All the statistical analyses were performed using SPSS version 16 (SPSS Inc, Chicago, IL). The data are presented as the mean±standard deviation for continuous variables and as the frequency (percentage) for categorical variables, which were compared using the two-sample t-test, Fisher exact test, and Pearson Chi-square test where appropriate. Overall survival and patency curves were generated using the Kaplan-Meier method, and the log-rank test was used to compare the differences. Differences with a P value < .05 were considered to be significant.
Ethics
This study was approved by the Ethics Committee of West China Hospital, Sichuan University. All the study participants provided written informed consent stating that the clinical data could be used in clinical research.
Results

Baseline comparisons
Seventy-four subjects were in group A, and 63 subjects were in group B. Among the 137 consecutive subjects, 124 (91.1%) were male, and 13 (9.5%) were female, with mean ages of 71.56 and 71.67 years, respectively. The vascular morphologic characteristics of the 137 subjects are shown in Fig 2. General patient information is provided in Table 1 . Table 2 . abdominal aortic aneurysm (AAA); n 2 : right common iliac artery aneurysm (CIAA); n 3 : left CIAA; n 4 : right internal iliac artery aneurysm (IIAA); and n 5 : left IIAA. *n 1 : 47; n 1+2 : 17; n 1+3 : 5; n 1+4 : 6; n 1+5 : 3; n 1+2+3 : 25; n 1+2+5 : 7; n 1+2+4 : 2; n 1+3+4 : 1; n 1+3+5 :1; n 1+4+5 : 3; n 1+2+3+4 : 4; n 1+2+4+5 : 2; n 1+2+3+5 : 5; and n 1+2+3+4+5 : 9. n 1+2 represents an AAA that invaded the right common iliac artery; the others were considered likely. * Fig 2 is Table 3 . Outcome of follow-up
The study spanned 8 years, from June 2006 to June 2014, and the mean follow-up period was 61.2 months. No deaths or graft-associated deaths occurred during the follow-up period. Twenty-one patients were lost during follow-up, and 115 patients were followed. The overall incidences of endoleak, occlusion, and ischemic complications were 19.1%, 5.22%, and 4.35%, respectively. The comparisons of the incidences of endoleak, stent occlusion and ischemic complications between groups A and B during follow-up are shown in Table 4 . The follow-up comparison between groups A and B is presented in Fig 3 (a, b, c) . Endoleak occurred in 22 cases (A: 13 vs B: 9), with 4 Type I cases (A: 2 vs B: 2), 12 Type II cases (A: 8 vs B: 4), and 7 Type III cases (A: 4 vs B: 3). Type I and III endoleaks simultaneously occurred in one case. One subject in group A with a Type II endoleak underwent an endovascular intervention for an increased aneurysm and newly developed CIAA. In the other 21 cases, the endoleak disappeared or shrunk, and the size of the aneurysm did not increase during follow-up. Furthermore, the survival analysis revealed that there was no significant difference in the long-term incidence of endoleak between group A and B (P = .537; Fig 4A) . Therefore, intraoperative embolization of the IIA with coils before coverage did not decrease the longterm incidence of type II endoleak. Only 5 subjects (A: 1 vs B: 4) suffered from stent occlusion, and 2 symptomatic subjects underwent surgery (A: 0 vs B: 2, femoral-femoral bypass surgery and embolectomy surgery). There was no significant difference in the incidence of postoperative ischemia between groups B1 (subjects with unilateral IIA exclusion, n = 4) and B2 (bilateral IIA exclusion, n = 2). However, B1 was obviously different from B2 in terms of hospital stays and the severity of the ischemic complications. The two subjects in B2 had hospital stays of 12 and 17 days; by contrast, the hospital stays of the subjects in B1 were 3, 5, 5, and 6 days (P < .001). A severe ischemic complication (gluteal skin necrosis) occurred in one subject in group B2 with a claudication distance of less than 100 meters. Gluteal soreness with a claudication distance of approximately 150 meters occurred in another subject in group B2. By contrast, gluteal ischemia and limb ischemia in group B1 were mild. Ischemic syndrome did not appear in the two patients thereafter. The 3 asymptomatic subjects (A: 1 vs B: 2) received conservative therapy. During conservative therapy, the ischemic symptoms were aggravated: the dermal temperature of the lower extremities decreased in the 2 nd month after EVAR and then recovered at the end of the 6 th month. Two other cases did not have any uncomfortable feelings during follow-up. The survival analysis revealed no significant differences between groups A and B in terms of stent occlusion (P = .143; Fig 4B) , indicating that coverage with or without embolization does not affect long-term stent patency. Overall, the 5-year stent patency rate in our institution was 95.7%. Ischemic complications, such as pelvic ischemia, spinal cord infraction, limb and gluteal ischemia, were a critical concern during follow-up. During the follow-up period, spinal cord infraction and pelvic ischemia were not observed in any subjects. Gluteal ischemia (A: 1 vs B: 4, P = 1.000) and limb ischemia (A: 2 vs B: 3, P = 1.000) after EVAR were observed in 9 subjects (A: 3 vs B: 6), and the incidence was 7.83%. One subject in group B simultaneously presented with buttocks claudication and limb ischemia and underwent a femoral-femoral bypass and embolectomy surgery 4 months after EVAR. Eight other subjects received conservative therapy. After 2-12 months of conservative therapy, ischemic syndrome was relieved in 8 cases. A comparison of the incidence of ischemic complications between groups A and B is shown in Table 5 . Furthermore, no significant differences in ischemic complications between groups A and B were identified in the survival analysis (P = .26). Similarly, there were no significant differences in gluteal ischemia or limb ischemia based on the survival analysis. However, the incidence of ischemic complications was higher in group B than in group A (A: 4.84% vs B: 11.11%). Moreover, as shown in Fig 4C, there was a tendency towards chronic ischemia being more likely in group B and acute ischemia being more likely in group A. This trend will be discussed later in the discussion section.
The subgroup survival analysis (Fig 4) of group B suggested that there was no significant difference in the incidence of postoperative ischemia between groups B1 (subjects with unilateral IIA exclusion; n = 4) and B2 (bilateral IIA exclusion; n = 2). However, although there were no numerical differences between these subgroups, B1 obviously differed from B2 in terms of hospital stays and the severity of the ischemic complications. Two subjects in B2 stayed in the hospital for 12 and 17 days; by contrast, the patients in B1 stayed for 3, 5, 5, and 6 days (P < .001). A severe ischemic complication (gluteal skin necrosis) appeared in one subject in group B2 with a claudication distance of less than 100 meters. Gluteal soreness with a claudication distance of approximately 150 meters occurred in another subject in group B2. By contrast, gluteal ischemia and limb ischemia in group B1 were mild.
Discussion
The incidence of AAA is increasing, and it is particularly obvious in the elderly. With the development of new techniques and increases in standards of living, more AAA patients would like to undergo an EVAR [3] . However, the fate of IIA remains disputable. It is controversial whether excluding the IIA with a coil is more effective at preventing type II endoleak after EVAR. Moreover, long-term results (greater than five years) are seldom reported but are crucial for clinical practice and guidance. Accordingly, this type of research is meaningful. IIA exclusion may lead to gluteal and colonic ischemia and erectile dysfunction (ED) [7, 8] . Therefore, a comprehensive preoperative evaluation of blood supply in the lower extremities and buttocks is critical for surgery and prognostics, and IIA reconstruction must be performed when necessary, or postoperative ischemia is inevitable. In Dr. Rana's research, freedom from buttock claudication was higher after open repair than after endovascular repair (79% vs 59%; P = 0.05), and reconstructions for IIA flow preservation had very good long-term patency. Every effort should be made to preserve IIA flow, as it leads to significantly better outcomes in terms of pelvic ischemic symptoms and buttock claudication [7] .
In this study, there was no obvious significant difference in 5-year-long prognosis between group A (coverage without embolization) and group B (coverage with embolization). However, blood loss, surgery time, X-ray time, and contrast consumption were superior in group A compared to group B. Thus, patients in group A would likely receive a better long-term prognosis with less blood loss and contrast consumption as well as reduced surgery and X-ray times, which would be greatly beneficial for the patient. This likely conclusion was supported by Dr. Papazoglou's research [12] .
Furthermore, chronic ischemia rarely occurred in group A. A possible reason may be that the permeability of and unsolidified adherence to covered stents contributed to little blood flow into the IIA, leading to slow thrombosis in the IIA. Until a solidified embolism forms, there is enough time to establish collateral circulation, which ensures adequate blood supply to the lower extremities and buttocks. However, IIA coverage with embolization in group B caused fast, even acute, embolism that was not beneficial for the formation of collateral circulation, especially when bilateral IIA embolizations were performed. However, this tendency needs to be confirmed in future studies. If confirmed, it will be better to cover bilateral IIAs directly in staged surgery.
Dr. Lin [16] followed patients who underwent EVAR with unilateral or bilateral IIA exclusion and reported that 1) 50% of the patients in both groups (unilateral or bilateral IIA exclusion groups) experienced claudication; 2) scrotum desquamation occurred in 25% of the patients in the bilateral IIA exclusion group 3 days after EVAR, and a quarter of the patients experienced sacrococcygeal necrosis after surgery; and 3) ED occurred in 38% and 50% of the post-EVAR patients in the unilateral and bilateral groups, respectively. Dr. Johnston [17] collected and analyzed surgical records from 666 post-EVAR patients. The probability of colonic ischemia post-EVAR was 3% after bilateral IIA exclusion. By contrast, no patients experienced ischemia when at least one IIA was conserved. In this report of 75 followed cases with unilateral IIA exclusion (out of a total of 100), 6 (8.00%) presented with mild ipsilateral gluteal pain that worsened after walking with a claudication distance of approximately 350 m. In 31 followed cases with bilateral IIA exclusion (out of a total of 37), mild gluteal pain with a claudication distance of less than 200 meters occurred in 3 patients (9.68%); moreover, 1 patient suffered from severe ischemia (skin necrosis). Overall, ischemia appears more frequently in cases with bilateral IIA exclusion, and severe ischemia occurs more readily 3 . Unfortunately, the evidence and outcome would be more powerful if this study was a randomized controlled trial (RCT) or included more participants. However, the results of our study are consistent with those of previous scientific studies, which encourages us to conduct a larger cohort study to confirm the current findings. In addition, the levels of the IIA exclusion with a coil were not exactly the same. Most IIAs were excluded at the trunk, which creates the lowest risk of ischemia, according to some research studies [18] [19] [20] . However, fewer than five subjects had exclusions at the branch level. Although some studies showed significant differences between patients with IIA embolization at different levels, the effect of the embolization level is negligible. If an iliac branch device (IBD) could be introduced into routine clinical practice in our hospital, it would be interesting to compare patients with and without IIA preservation. Interestingly, no significant differences in ischemic complications between patients with IIA embolization and with an IBD were reported in a recent study [21] .
Conclusion
In the traditional view, IIA embolization is an effective way to reduce the incidence of endoleaks, especially type II endoleaks. However, based on the present study, IIA coverage without embolization does not increase the long-term incidence of endoleak. Moreover, although there was no significant difference in ischemic complications with and without coil embolization, the differences in the severity of the ischemic complications and the reduced contrast consumption and X-ray time between the groups suggest that direct coverage is more effective and beneficial.
